Abstract In order to review the strengths and weaknesses of medical biochemistry practical curriculum for undergraduates and to generate ideas to improve it, a questionnaire was sent to 50 biochemistry faculty members selected (through simple random sampling method) from 42 medical colleges of Maharashtra, India. 39 responded to the questionnaire, representing a 78% response rate. The internal consistency of the questionnaire sections was found to be satisfactory ([0.7). The respondents did not agree that the ongoing curriculum was in alignment with learning outcomes (8%), that it encouraged active learning (28%), helped to apply knowledge to clinical situations (18%) and promoted critical thinking and problem solving skills (28%). There were a number of qualitative experiments that were rated 'irrelevant'. Qualitative and quantitative experiments related to recent advances were suggested to be introduced by the respondents. Checklists for the practicals and new curriculum objectives provided in the questionnaire were also approved. The results of the curriculum evaluation suggest a need for re-structuring of practical biochemistry curriculum and introduction of a modified curriculum with more clinical relevance.
Introduction
The idea of curriculum is hardly new but the way to understand and theorize it has altered over the years and there remains considerable dispute as to its meaning [1] . According to Kelly, Kerr defines curriculum as, 'All the learning which is planned and guided by the school, whether it is carried on in groups or individually, inside or outside the school' [2] . Schubert states that curriculum includes the contents of a subject, concepts and tasks to be acquired, planned activities, the desired learning outcomes and experiences, product of culture and an agenda to reform society [3] . Curricula of medical schools need to be regularly updated to reflect the latest advances in basic science and clinical care in order to improve the attitude of medical students towards the newer trends in medical education [4] .
As a vital component of undergraduate medical education, the curriculum should empower medical students with a broad base of knowledge and practical skills to make them good clinicians. The success of today's medical students as future doctors depends on their practical skills which are developed during their undergraduate years. Compared to the traditional, course-centered approach to curriculum there is a need for more modern content and outcome-centered approach. In India, search for a needbased curriculum has been felt for a long time. In spite of this, the curriculum has not really changed. It is an oftenrepeated criticism that our medical colleges are producing graduates who are not well equipped to tackle the health care needs of the society [5] .
Biochemistry is one of the basic medical science subjects introduced in the first year of medical school and is one of the foundation sciences for the medical curriculum. It forms the basis of all life sciences including the clinical sciences. Mahadevappa and Pawan Kumar [6] have stated that the advances in the field of medical science are simply overwhelming and biochemistry occupies the central place in this endeavor. The profession of clinical biochemistry is rapidly merging with other disciplines in laboratory medicine. In the background of this rapid growth it has become essential that biochemistry is taught in the correct perspective to the students in medicine. In reality, however, in Indian medical schools, biochemistry is taught without concerning factual knowledge of clinical sciences [6] . Clinical biochemistry learning assumes great importance in the betterment of the role of medical students as the foundation doctors. In a study conducted by Victoria Khromova, it was found that the junior doctors requested for most of the biochemical tests, many of which were inappropriate. Also the results of the tests are often misinterpreted by them due to their limited preparedness in clinical biochemistry [7] . The practical biochemistry curriculum plays a very important role in inculcating the basics of clinical medicine in the students. The main objective of the practical curriculum is to justify the selection of appropriate biochemical investigations for common clinical cases and explain the fundamental principles underlying such investigative techniques. Hence the curriculum must be designed in such a way that it can fulfill the above mentioned objectives of biochemistry [8] . The curriculum should be structured to balance learning opportunities and to integrate the learning of basic and clinical sciences, enabling students to link theory and practice [9] . Through various observations, informal discussions and formal meetings, opinions have emerged that the current practical curriculum fails to evaluate whether specified learning objectives are met. Further, there is a need to create an appropriate alignment with the teaching learning methods and assessment. The biochemistry practical curriculum of the Maharashtra University of Health Sciences (MUHS) has been drafted in accordance to the Medical Council of India regulations and is more or less similar in most of the colleges all over the country (www. muhsnashik.com).
Surapaneni [8] concluded that innovative curriculum with case based learning coincided with improved academic performance. This study reflects that practical learning in biochemistry is very important in medical education. Mishra [10] , found that there is an agreement among the doctors and medical students that the content, methods of teaching, and curriculum organization of training in clinical biochemistry need to be modified.
The aim of this study was to collect and analyze opinions of biochemistry faculty members on the efficacy of current biochemistry practical curriculum put forth by the University, in achieving the specified learning objectives, to understand the strengths and weaknesses and to improve it.
Methods
To determine the perception of faculty about the strengths and weaknesses of the practical curriculum, a questionnaire was prepared. A list of 150 biochemistry faculty members including professors, associate professor and lecturer from 42 medical colleges of Maharashtra was prepared and numbering was done. From this list, 50 members were selected through simple random sampling method. 50 selected faculty members were provided questionnaires. (via mail or by hand). In an accompanying letter, the syllabus of MUHS for biochemistry practical skills and purpose of the study were provided. Respondents were invited to state their opinions on each individual theme, on the ways for strengthening the practical curriculum. Before formulating the questionnaire, faculty, interns and medical students were interviewed. On the basis of their responses the questionnaire was formed. The questionnaire was organized based on the current curriculum and asked faculty members for their opinions about the (1) qualities of practical curriculum; (2) biochemical parameters included in the qualitative, quantitative experiments and spots; (3) marks allotment for qualitative and quantitative experiments; (4) alignment of objectives, teaching/learning methods and assessments (qualitative and quantitative experiments); (5) marks allotment for urine report, organic constituents of urine and inorganic constituents of urine. When respondents were asked questions about the qualities of the biochemistry practical curriculum, a four-point agreement scale was used (1-strongly agree, 2-agree, 3-disagree, 4-strongly disagree). When asked about more specific parameters included in the curriculum a four-point relevance scale was used (1-not relevant, 2-moderately relevant, 3-relevant and 4-extremely relevant). For alignment of objectives and teaching methods with assessments, respondents were asked whether they agreed or disagreed. In each section of the questionnaire, space was also provided for additional comments. International Federation of Clinical Chemistry (IFCC) recommended topics related to clinical biochemistry were also provided in the questionnaire for their ranking according to their importance.
Data Analysis
Quantitative questionnaire data were analyzed with SPSS software, version 17. Cronbach's alpha was calculated to measure internal consistency of items in the questionnaire [11, 12] . A minimum percentage of 75% was set to indicate agreement on any particular item of all themes [13] . Ratings of 1 and 2 on the four-point relevance scale were combined to represent ''relevant'' while ratings of 3 and 4 were combined to represent ''irrelevant''. Agreement ratings were combined in a similar fashion; ratings of 1 and 2 indicated agreement. Respondents' suggestions were analyzed by coding comparable comments expressed by two or more respondents as key points. The key points were organized into categories to develop the topics [14] . Open ended comments were coded with attention to generated topics. The suggestions were also compiled and used to review and restructure the practical curriculum. If there was less than 75% agreement/relevance for any curricular element, data were reviewed to determine whether respondents made suggestions for improvement in response to the open-ended questions.
Results
Cronbach's alpha was calculated for the themes, to judge the internal consistency of the questionnaire. The internal consistency was found to be satisfactory. Cronbach's alpha for 9 items on ''qualities of practical curriculum'' was 0.70; for 31 items on ''biochemical parameters in quantitative and qualitative experiments and spots'' was 0.87; for 12 items of ''checklist with marks allotment for quantitative and qualitative experiments'' was 0.75; for 10 items on ''objectives for quantitative and qualitative experiments'' was 0.72, for 27 items on ''checklists for urine report and organic and inorganic constituents of urine was 0.73 and for all 2 scale items the Cronbach's alpha was 0.76.
Out of the total 50 questionnaires sent to the faculty, 39 responded (78% response rate). All the data from the respondents was assessed to find out the relevance and degree of agreement of the objectives and parameters in the questionnaire. The following six qualities were agreed upon by less than 75% of the respondents from the theme ''qualities of practical curriculum'': (1) the curriculum is in alignment with the learning outcomes, teaching-learning methods and assessments (8%); (2) the practical curriculum helps to apply knowledge to clinical situations (18%); (3) in general, the practical curriculum encourages active learning (28%); (4) the practical curriculum promotes critical thinking and problem solving (28%); (5) the laboratory exercises with respect to quantitative experiment encourage solving skills (25%); (6) the laboratory exercises with respect to spot learning encourages problem solving skills (39%) ( Table 1) .
Nine curricular elements were considered relevant by less than 75% of the pooled respondents: creatinine in urine (21%); test for monosaccharides (10%); tests for disaccharides (5%); colour reactions of proteins (5%); precipitation reactions of proteins (5%); normal organic constituents of urine (10%); identification of slide under microscope (23%); use of reagent (15%); and specimens of calculi (57%). All of the surveyed elements of quantitative experiments were scored as relevant by more than 75% of the pooled respondents ( Table 2 ).
All items regarding mark allotment qualitative experiments were agreed upon by more than 75% of the pooled respondents. When asked about mark allotment for quantitative experiments, less than 75% of the faculty surveyed agreed that marks currently allotted for 'causes for the disease conditions are enumerated' (69%) and 'the work desk was left in a clean state with the experimental tubes appropriately labeled (46%)' were adequate (Table 3) . One objective was agreed upon by less than 75% of the respondents from the theme ''Objectives, teaching-learning methods and assessments (quantitative experiments)'':
(1) Students should be able to achieve a high degree of practical competency in routine analysis (54%). All points in the theme ''objectives for qualitative experiments'' were agreed by all the respondents (Table 4) . Checklists for urine report, organic and inorganic constituents of urine were agreed as adequate by more than 75% of the pooled respondents (Table 5) .
Qualitative and quantitative experiments related to recent advances were also suggested by 36 respondents (92%) which are as follows:-radioimmunoassay (RIA), enzyme linked immunosorbant assay (ELISA), polymerase Final list of ranking of the topics (according to their importance) to teach in order to enhance clinical applications was also prepared using ratings provided by pooled respondents (Table 6) .
On the query of including blood collection principles at this stage of curriculum, 37 out of 39 (95%) respondents replied and 34 respondents (87%) agreed with this suggestion ([75%). 37 out of 39 respondents (95%) suggested topics for case studies which are as follows:-enzymology, kidney function tests, liver function tests, hormones, purine In order to improve current curriculum, respondents' suggestions on various aspects were noted and presented in a table form. Themes that emerged from the suggestions and recommendations by 31 out of 39 respondents (80%) for strengthening the biochemistry practical curriculum are documented in Table 7 .
Discussion
The current practical curriculum lacks critical thinking and problem solving qualities which is one of the important objectives based on the results of the questionnaire. Ind J Clin Biochem (Jan-Mar 2012) 27(1):52-60 57
Formulation of case histories in practical curriculum is the best way to develop critical analytical skills in medical students. In our study, it was a general opinion of faculty members that students should learn about the abnormalities in clinical biochemistry. Short case histories followed by formulation of relevant investigations, interpretations of laboratory results, diagnosis of disease and various metabolisms involved were suggested as additions to the practical biochemistry curriculum. Such biochemistry practical modules will encourage the students to be prepared for patient encounters.
There should be an explicit connection between observed clinical problems and the knowledge base that the medical students are acquiring during undergraduate teaching [15] . In the present study it was noted that qualitative and quantitative experiments included in the current curriculum are not in context with the rapidly developing modern diagnostic methods. Instead of these parameters some advanced and appropriate biochemical parameters of diagnostic importance should be added. Diagnosis of diseases through electrophoretic pattern, photographs of some disease conditions correlating with the biochemical tests, laboratory instruments to be used as spots were suggested to be included by the respondents.
Interpretation of laboratory results is important for clinical diagnosis. It is a fact that the pathways are complex and students have little training in diagnostic services and laboratory medicine [16] . Most of them have little understanding of what tests to order and how they should be interpreted [17] .
Furthermore, the students are taught practicals which they will never apply or practice in future. There is no synchronization with the modern methods. There is a tremendous amount of research and new knowledge in biochemistry and its application in clinical practices. The students however are not able to interpret the results of modern parameters used in the diagnosis of the diseases even after becoming doctors because the current curriculum does not include new and advanced biomarkers. Also, there is no awareness of how the modern parameters can be used in the diagnostic laboratories, and how to interpret them in relation with the clinical cases. It was concluded that in the absence of this, the medical students will not be competent in requesting and interpreting investigations during their clinical practices [17] . In IFCC guidelines for teaching clinical chemistry to undergraduate medical To expose them to work with and handle modern equipment such as electrolyte analyses and auto analyzers. Addition of new techniques such as HPLC, chemiluminescence, blood gas analysis, RIA, ELISA and PCR.
4
More emphasis should be given to modern method of diagnosis but classical method should also be taught.
Modern diagnostic methods which are used in the laboratories should be included.
5
To enhance the knowledge of students through practical experiences to make them good clinicians.
Students should get experience of correlating the report with the clinical condition of patient.
6
Bioinformatics in relation to biochemistry should also be added in biochemistry practical curriculum.
Bioinformatics is an important aspect about which students can be sensitized.
students, it is mentioned that the undergraduate must acquire an ability to request appropriate clinical chemistry tests and must develop some expertise in interpretation of results. This IFFC document is intended to serve as guidelines for the preparation and delivery of a course in clinical chemistry for medical students to enable them to make proper use of the laboratory for the benefit of their future patients [18] . The IFFC has also suggested certain clinically important biochemical topics to be used in the curriculum. These topics were included in the questionnaire and they were given a ranking by the respondents according to their clinical importance. These important clinically ranked topics can be incorporated into clinical cases and used in the practical curriculum as suggested by the respondents. (Table 6 ) It was a general opinion of the respondents in the study that modern instruments commonly in use in biochemistry laboratories, their functioning, applications and principle of working should be added to the curriculum. There are certain aspects currently taught in the curriculum which have no clinical relevance and are outdated. One example of experiments with no clinical relevance is biochemical tests for monosaccharides and disaccharides. Our respondents were in strong disagreement regarding inclusion of such tests in the curriculum. Instead of such tests, the biochemical tests routinely used in clinical practice should be included. Also, the current curriculum places emphasis on the technical details and proficiency of the students in performing the quantitative tests. The respondents were of the opinion that instead of this, the students should be able to state the principles of the tests and to interpret biochemical laboratory values.
Further currently, there are no criteria for allotment of marks. There should be a pattern of mark distribution in qualitative and quantitative experiments. A checklist suggesting a systematic approach to awarding marks was included in the questionnaire. This was approved by most of the faculty members.
A study focused on the technical details and other theoretical aspects of biochemistry teaching found that very little training in the diagnostic services was given to the students [19] . Re-creating a curriculum is intimately linked to the needs of learners along with society needs which periodically require re-examination [20] . It is only through a thorough and systemic approach to planning and evaluation that this is possible [21] . To facilitate the needs of tomorrow's doctors and patients' benefit, all these suggestions on different aspects were considered for updating the biochemistry practical curriculum. There are some limitations to this study. Firstly, the questionnaire was sent to only 50 out of approximately 150 faculty members. Secondly, although the traditional curriculum is based on a national perspective, the faculty chosen was from just one university. So, the survey offers a snap shot of the views of the faculty. Therefore, it would be valuable in future to involve more faculty members. Alternatively, a revised curriculum can be evolved and then sent to more faculties for opinion. We have started in a small way, but there is still a long path to be traversed.
Conclusion
This study provides a need assessment for a change in biochemistry practical curriculum of one Indian stateMaharashtra but also highlights a serious issue affecting biochemistry practical education in all Indian medical schools. The questionnaire developed for this study can now be used to improve the present biochemistry practical curriculum at national level. It can be used for opinion from faculty from all over India because the premise on which the questionnaire is based is on the national directives (Medical Council of India). There is a dire need for re-structuring of current undergraduate practical biochemistry curriculum. Old and outdated curriculum should be replaced with innovative curriculum with more conceptual and global views to improve the attitude of Indian medical students towards the modern trends in biochemistry.
